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Introduction
For many developing countries the unreliable supply of electricity is the norm rather than the exception. For industries power outages increase production costs, and increase the operating uncertainty that enterprises face 1 . Production losses arise from loss in output, spoilage of in-process materials and even damage to machinery, all translating into financial losses. Often the cuts in power supply cause production losses lasting beyond the duration of the outage.
A number of previous studies have attempted to estimate the economic costs of unreliable electricity supplies, using a variety of techniques. Some of the most important of these studies were by Mohan Munasinghe and Mark Gellerson (1979) , Munasinghe (1979) , Neil M. Swan (1980) , Benjamin Bental and S. Abraham Ravid (1982) , Michael Beenstock and Ephrain Goldin (1997) , and Roy Billinton and Wijarn Wangdee (2005) . Neil M. Swan (1980) , estimated the social cost of electricity outages for residential consumers. He makes the point that the time is not necessarily wasted when an outage takes place since that time could be utilized in some other activity and later the time for this activity would replace the time of the original activity. He notes, however, that certain leisure time is indeed irrevocable. Munasinghe (1979) classifies outage costs as direct and indirect. Direct costs are those which occur during or following an outage while indirect costs are those which result because an outage is expected and people take mitigating actions.
Recently Nexant Sari/Energy (2003) has undertaken a study of the economic impact of poor power quality on industries in Nepal. The study estimated the average losses suffered by the industries from unplanned outages to be around 0.49 US$/kWh, while such losses for planned outages were found to be only 0.14 US$/kWh. It is evident that Nepal has had a serious electricity reliability problem and these problems are there to stay for quite some time in the future 2 .
Framework for Analysis
Except for study by Sari/Energy 2003 all of the studies reviewed above have been carried out for either industrialized countries or countries that are approaching this stage of development. Usually the lack of relevant data has made such studies difficult or impossible to do in the lower income countries where the incidence of such electricity outages is most acute. This study is made possible due to the availability of a rich source of industrial information on each of the power outages that affected the production at a spinning mill, a steel re-rolling mill, and an oxygen factory in Nepal. This data which covers a period of 5 years in the 1990s is accompanied by sets of detailed cost and operating data for each of these enterprises for the same five years that the power outage data is available. Because of these comprehensive sets of information we are able to measure the direct impact of electricity outages on the level of profits of the enterprises through the effect such outages have on the contribution to profits that is lost by the loss in production and increased costs 3 .
Determination of the Power Outage Costs
In his paper we want to estimate the costs imposed on industrial activities by power interruptions and express these costs as a ratio of the number of kilowatt hours (kWh) of electricity not purchased due to the supply interruptions. This will give us a measure of the economic opportunity costs per kWh of electricity not supplied.
Classification of Costs
An enterprise would normally have two types of costs, variable costs and fixed costs. Variable costs are those that increase or decrease in proportion to the volume of production, and fixed costs are those which remain the same irrespective of the magnitude of production. In the short term and for the normal range of production capacities we are discussing here, the fixed costs remain fixed costs.
So, basically, all the costs can be divided into variable or fixed costs.
The Contribution Method
In the literature in electricity economics, the concept of value added is generally used while estimating the cost of power outages. Value-added includes the return to fixed costs and some components of variable costs, mainly direct labor.
Contribution is a better measure of the power outage cost from the perspective of an enterprise than value-added. Contribution means the portion of the net sales proceeds which goes towards meeting the overheads and towards making the profits for the company. This is computed by subtracting all the direct or the variable costs from the net sales proceeds. A firm maximizes its profits by maximizing its contribution.
When an outage takes place, the loss in contribution gives us the true measure of the opportunity cost suffered by an enterprise. Other losses like material spoilage have to be added to obtain the total value of power outage cost. When a unit of output is not produced, all components of the variable costs are also saved and what is foregone is the opportunity cost in terms of the contribution which would have resulted and gone towards meeting the overheads and profits, had that unit been produced.
The equation for the contribution per unit of output is written as
Where b is the contribution per unit of output, p net is net revenue, c i m is the cost of direct material i, 
Where p is the selling price per unit of output, d is the customer discounts per unit of output m is the sales commissions per unit of output, and x selling is direct sales expenses per unit of output.
Alternatively (2) can be expressed as,
Where d% is the customer discounts, expressed as percentage of selling price, c% is the sales commissions, expressed as percentage of selling price, and x selling % is direct sales expenses, expressed as percentage of selling price.
In contrast, if we were to express a relationship for value-added per unit of output, va, it would be:
We can see that this does not take into consideration the savings in direct labor that might result when a unit of output is not produced, and so, it overstates the cost of an interruption in production.
Power Outage Costs
After calculating the value of the contribution, we will determine the impact of power outages on the production process of the enterprise, and compute the quantity of output lost. We may also need to calculate other components of the outage cost such as material wastage and idle labor. We will then calculate the total value of loss suffered due to an outage.
Under the contribution method, the expression for the power outage cost, C outage becomes: 
Where U month is the number of units of power consumed in a month, and H month is the hours worked during the month 
Analysis of Power Outages in Nepal

Power Failures
In carrying out this study we classify power outages into two types. The first category is power failures, and the second category is load shedding. Power failures are unscheduled outages that occur without An important feature for our analysis of power outages is made possible by the fact that Himal receives power from a government (NEA) owned substation which also supplies power to many other consumers in the area, while JSM's captive substation is fully dedicated to supplying power to its own factory. Both of these substations obtain their electricity from the same high voltage line. The power outages that are common to both the enterprises can be attributed to power system failure, i.e. a breakdown of the whole grid or a shortage of generation capacity. We find, however, that there were many power outages at Himal which did not simultaneously occur at JSM. These outages can be attributed to substation failure. This provides us with a controlled experiment where a comparison of the number and duration of power failures for Himal versus JSM enables us to evaluate the benefits of substation improvements.
(insert table 1)
By comparing the experience of JSM with Himal in Table 1 we see that the uncertainty in power supply, as measured by the frequency of power failures, is considerably more when an enterprise such as Himal is obtaining power supply from a government owned NEA substation.
Load Shedding
Himal and JSM also kept detailed records of every incidence of planned load shedding imposed by NEA. We find that for Himal, the duration of the individual events of load shedding generally fell between 1 ½ to 2 and 3 hours. In the case of JSM, the duration of the individual events of load shedding was exactly 1½, 2 or 3 hours. Having a captive generator to generate about half of its needs seems to have been beneficial to JSM. It could ensure that the load shedding occurred exactly at the pre-determined time. In some cases during 2049 and 2050 it could keep operating if the systems load shedding was not to fully cut off the power from the spinning mill.
(insert Table 2) In the case of load shedding for enterprises that do not work around the clock, advance notice helps them change their production hours to reduce the effects that load shedding would have on their operations. For the enterprises which must operate twenty four hours continuously either because of the nature of their production operation or because of the large capital investment that has been made, having a captive generator is an option for overcoming some of the production stoppages caused by load shedding.
Calculation of the Power Outage Costs
Production Time Lost
To begin the analysis of the power outages we consider first the cost of power failures. In these cases the power cut happens unplanned and unannounced. The impact of a power failure on production time lost can be much longer than the duration of time of the power failure itself. So, as the first step, we need to establish the relationship between the duration of the power failure and the actual production time lost. Fortunately data was collected by these three enterprises so that we can separate power failures from load shedding. In addition, for all failures power information is available for both the duration of each power failure as well as the duration of the production stoppage. From this data of individual incidents, we can estimate the relationship between the two variables, the duration of the production time lost, y (dependent variable) and the duration of the power failure, x (independent variable), using regression analysis.
For JSM the following regression is fitted, 
Contribution Values
The financial statements and cost structures information on the enterprises under consideration are used to calculate the contribution values for the firm. The sales revenue, the discounts and the commissions can be obtained from the income statement of the enterprise. The quantity of the products sold in that particular year is also known. Dividing the sales revenue by the quantity sold, one can find the selling price per unit. Similarly, the per unit value of the discounts and commissions, and the net selling price are calculated.
Next, one needs to find the direct costs of production per unit of the product. The cost of production numbers for the particular year for each of the enterprises are found from their financial statements. In this case, it is the quantity of goods produced that is needed. From these numbers, one can estimate the components of direct material (raw materials), direct labor, direct energy (electricity and fuel) and other direct costs such as packing. The contribution values are obtained by subtracting the direct costs from the net selling price.
Calculating the Cost of Power Failures
Losses from Power Failures at JSM
For JSM, the average production value in kg per hour has been obtained from the production records for JSM for B.S. 2049 and so have been the values for man-hour rate and average power consumption in the year. The total production lost in kg, is obtained by multiplying the total production time lost by the average production rate. The total contribution loss, is the product of the total production lost, in kg, and the contribution value, expressed in Rs per kg. Similarly, the total man-hour loss 4 is arrived at by multiplying the total production time lost, by the man-hour rate. The summation of the above numbers (equation 5) gives us the value of the total loss from power failures at JSM for the year.
The next step is to calculate the loss per kWh not supplied. First, the units (kWh) of power not supplied during power failures is estimated. This is obtained by multiplying the total production time lost, in hours by the average rate of power consumption, in kWh per hour. Finally, the loss in Rs per kWh unsupplied is obtained by dividing the total loss from power failure, in Rs, by the power not supplied, in kWh. 
Losses from Power Failures at Oxygen
The explanations for the calculations for the losses due to power failures at Oxygen are the same as in the case of JSM, so they are not repeated. However, the results are summarized in Table 4 .
(insert Table 4) For Oxygen the loss per kWh unsupplied in US$/kWh (2005 prices) ranged from US$ 0.13 to US$ 0.32, with an average of US$ 0.24/kWh.
Losses from Power Failures at Himal
At Himal, the operating hours are from 6 AM to 10 PM, 6 AM to 2 PM for the first shift and from 2 PM to 10 PM for the second shift. Hence all power outages occurring between 10 PM and 6 AM are removed from the data. Furthermore, the power failures in 88 non-working days in the year are also removed. Using equation (9) to translate each power failure duration into its impact on production time lost, the total estimated production time lost from these power failures is 307.17 hours of production time (Table 5 row 4).
On the basis of average production, contribution, and man-hour rate, total production loss, total contribution loss and total man-hour loss are calculated, as in the case of JSM. At Himal, power failures also result in wastage of the materials-in-process and the fuel oil, and these have to be included. Himal kept records of the quantities of this wastage. Records are also available on the selling price of the finished products and the purchase price of furnace oil in the respective years.
From these the value of the wastage is calculated. The furnace oil waste is a product of the quantity and the price. In the case of material waste (misroll), an estimated cost equal to 50% of the regular selling price of the final product gives us a reasonable approximation of the value of the input materials wasted.
The total loss from power failures at Himal is the sum of the total contribution loss, the total man-hour loss, the material waste, and the furnace oil waste. The loss per kWh unsupplied, is calculated as in the case of JSM. The calculation of the losses per kWh are presented in Table 5 .
(insert Table 5) In the case of Himal the range of costs per US$/kWh is from US$ 0.47 to 1.28/kWh with a simple average cost for these years of US$ 0.98/kWh.
Comparing the loss from power failures to the total contribution to profits of JSM we see that the loss is only 1.57% of the total contribution from production that year. This is no doubt due to the fact that JSM has its own electricity substation that has greatly reduced the incidence of power failures.
In the case of Oxygen, these numbers were higher. The power failure losses amounted to between 11.40% to a staggering 75.56% of total contribution from the annual production averaging 35.69%
over the five year period. At Himal, the losses were similarly high averaging 13.16% of the total contribution from annual production over this period.
Calculation of the Cost of Load Shedding at the Three Enterprises
At JSM and Himal, the duration of the load shedding generally ranges from 1 to 3 hours, and so, the workers cannot be sent home during the period of load shedding. Therefore, we must count the cost of idle labor.
Because of the planned nature of load shedding the extra production time lost is relatively small as compared to power failures. Hence, we will not apply the regression equation in this case to move from the time of outage to the duration of lost production. From Table 2 (insert Table 6 ) (insert Table 7) Due to the production process the situation at Oxygen is different. The interruption of electricity whether planned or unplanned has a similar effect on extending the time of production loss beyond the period of the power outage. We have, therefore, to take recourse to the regression equation (10) derived earlier. The total impact of load shedding at Oxygen in B.S. 2049 is 706.72 hours (Table 8 ).
The remaining calculations are same as in the case of JSM and Himal.
(insert Table 8 )
In Table 9 we calculate the opportunity cost of power failures and load shedding for these three enterprises. Overall we find that for these three enterprises the values for power failures and load shedding are very similar.
(insert Table 9 )
Policy Implications
The outage data showed that the power supply in Nepal was very erratic and unreliable. Creating standby self-generation capacity is the traditional solution for power supply problems but from our analysis of outage data, another unique option has emerged -that of allowing the private ownership and/or management of electricity substations.
Opportunity Cost of Power Supply for Outage Prevention
The value of the contribution lost per kWh not supplied is a measure of the opportunity cost of marginal power supply for an enterprise. In other words, this would be the value of the willingness to pay by these enterprises for the supply of power which would prevent such outages. Himal has the highest opportunity cost of power in comparison to the other two. For the enterprise with higher opportunity cost of power, it is more essential and feasible to invest in mitigating equipment.
Opportunity Cost of Uninterrupted Power Supply
We now calculate the opportunity cost of the electricity not supplied due to all types of power outages during this period. To do this we calculate the levelized cost of the electricity lost (Table 10 ). The levelized cost is obtained by taking the present value of the losses borne by each of the firms over the five years and dividing this value by the present value of the quantity of the electricity supply lost during this period. This is the rate of tariff that would make the NPV of the electricity not supplied equal to the costs inflicted by the power outages. We see that this value is 0.23 US$/kWh for JSM, 0.21 US$/kWh for Oxygen and 0.95 US$/kWh for Himal! (insert Table 10 ) (insert Table 11) (insert Table 12 )
Evaluation of the Benefits and Costs of Privatizing Substation
The outages in power supply from a captive substation are considerably less than those from a government owned NEA substation. Therefore, having a captive substation emerges as an option for dealing with the power failure problem. The benefits associated with a captive substation are the savings in power outage losses and the savings in buying high voltage power at a lower tariff than the tariff charged for low voltage electric energy.
Using the data for JSM we are able to evaluate the option of having a captive substation (Table 13 ).
The savings obtained from purchasing high voltage electricity (row 13) is found by multiplying the difference in the average tariff between purchasing low voltage versus high voltage electricity (row 12)
by the amount of power consumption (row 9). We calculate the saving in power outage losses (row 8)
by multiplying the levelized cost of outages (row 7) by the additional power supplied (row 6) because these power failures have not occurred. This quantity of electricity estimated by comparing the higher incidence (in hours) of power failures inflicted on Himal and those experienced by JSM. Recall Himal and JSM are getting electricity from the same high voltage service but only JSM has its own substation. . This means that the annualized costs of operating a new substation is US$ 106,113.90, Table 13 row 18. If we now compare this cost with the benefits it would produce through reducing the electricity shortages (row 14), the results are striking.
(insert Table 13) On average over these five years the combined benefits to JSM of purchasing the lower voltage power plus the savings from the avoidance of the power failures covered the annual capital and operating cost of the substation 2.18 times. The differential in the tariff rates for low and high voltage electricity alone (row 13) covered the cost of the substation (row 18) in all years. In addition to this benefit, the value of the reduced power failures to JSM (row 8) would alone on average cover, cover over 70% of the annual capital and operating costs of the substation.
At the rates of levelized cost inflicted by power failures for these three enterprises it is clear that, if the volume of electricity demanded is sufficient, an investment in one's own substation is a very good investment. In cases when a single firm's consumption of electricity is not sufficient to justify the purchase of a substation then it would be advantageous for enterprises to come together collectively 5 The capital costs of the substation and its operating costs were obtained from the financial records of JSM. The 15% user cost of capital is made up of a real opportunity cost of capital of 10% plus a 5% charge per year to reflect the depreciation of the investment of a substation with a 20 years economic life.
to purchase their own private substation. Other options might also be considered for getting private management and incentives for proper management into this sector.
The fundamental reason for lower rate of power failures in electricity supply from one's only substation is good management of the substation. The NEA employees have little or no motivation to manage the substations properly. The result is poor maintenance of the equipment and lack of proper management practices. Leasing the substations to private operators who would buy the high voltage power and sell the electricity to the private businesses might be another option for consideration.
Privatization of the substations can also result in another substantial benefit to the national economy.
In Nepal, as in several other countries in the region, pilferage of electricity is a serious problem.
Electricity is stolen by illegally tapping from the transmission lines and this happens only at the secondary distribution voltage (220 V, single phase or 380 V, three phase). In other words, the pilferage takes place after the substation. If the substation is privatized, NEA would collect payments for electricity drawn at the substation. The private managers would be left to deal with the pilferage. It is not difficult to identify where the pilferage is taking place, but NEA employees have no incentive for doing this. Under private management, the situation would be different with the substation managers having a very strong incentive to charge for every kWh of electricity supplied.
New Investment in Additional Capacity
If we subtract out the hours of lost electricity supply due to substation failures we have left the system losses due to insufficient electricity generation capacity and other supply breakdowns. To simplify the analysis we assume that all the rest of the power outages are caused by inadequate generation capacity. This is the case certainly during the periods of planned load shedding, but most of the other high voltage outages are likely to have risen due to a lack of generation capacity. This problem of lack of reserve capacity can be addressed by NEA investing in additional generation capacity.
We now do a similar annualized cost benefit analysis to evaluate the benefits and costs of investing in additional generation capacity. For the 5-year period, the levelized cost of power outages is US$ 0.23/kWh for JSM, US$ 0.21 /kWh for Oxygen and US$ 0.95 /kWh for Himal. From the electricity lost due to inadequate reserve capacity figures (Table 14) , we found that 60% of the lost electricity consumption was from JSM, 14% by Oxygen, and 26% by Himal. Using these percentages as the weights, and taking the levelized costs for JSM, Oxygen, and Himal from tables 10, 11, and 12, respectively we find that the weighted average levelized cost of the power not supplied is calculated to be US$ 0.41/kWh.
(insert Table 14 )
In 2005 prices, the cost of generation capacity suitable for supply power during peak load period is approximately US$400 per kW. 6 Assuming a 15% user cost of capital (10% opportunity cost of capital, and 5% depreciation), the required contribution to the capital costs for a $400/kW investment in a gas turbine generation would be $60/year. The running cost of such a plant are likely to be not more than US$ 0.07/kWh. Given the number of hours system power outages, Table 15 row 5, we can estimate the annual cost per year of having an additional kW of capacity. That is found by multiplying the number of outage hours by the marginal running costs and adding the capital costs. These values are reported in Table 15 rows 8, 9, 10.
The costs saved from having additional generation capacity in the system is found by multiplying the levelized opportunity cost of US$ 0.41/kWh by hours per year when the power was not being supplied (row 5). The total costs saved are reported in row 11. The benefit cost ratios for these years are presented in Table 15 row 12.
(insert Table 15 )
From the annual benefit cost ratios we see that additional generation capacity was more than justified during the first three years of this period 2049 to 2051. At this time there was systematic planned load shedding. During 2052 and 2053 after additional generation capacity was bought into supply we find the benefit cost ratio falls below one. It would appear that at least for these firms additional generation capacity would not be justified during the two final years of observation 7 .
In contrast the problem of unexpected power failure due to inadequate capacity and management of the substations would justify such investments throughout the entire five year period, Table 13 row 19.
Conclusion
We have seen that the uncertainties in power supply in Nepal pose serious threats to the economic well being of the enterprises in that country. The opportunity costs range to as high as US$1.28/kWh of electricity not supplied with a levelized average of US$ 0.41/kWh. In the past, installing generators has been thought of as the only solution for the consumers to alleviate the power supply problem.
However, from the careful analysis of the data on power outages in Nepal, another mitigating strategy, privatization of substations, emerges.
The issue of privatization is a common and popular topic of consideration in many developing countries. In Nepal, the government and the donor agencies have been trying to motivate private entrepreneurs to build hydropower stations to alleviate the power supply problems. Privatization of the substations, however, is a complementary measure that in the short-run have much higher returns. In addition, it is relatively easy to deal with either industrial groups or skilled entrepreneurs. In the case of Nepal the return to an investor from ownership of a substation is potentially even higher than an investment in additional generators to supply additional electricity. 
